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Abstract—A radial line slot array antenna is presented and 
experimentally discussed for a fifth generation (5G) mobile 
communication system that resonates at the frequency of 28 
GHz. Additionally, it is low profile, simple structure, easy to 
manufacture with high gain and radiation characteristics. The 
two models of the antenna were simulated with different cavity 
thickness, which are 2.5 mm and 3.2 mm. The antenna cavity 
consists of an FR4 hybrid with an air gap that has produced an 
equivalent dielectric substrate value of 1.13. The antenna has 
been fed by a modified dielectric coated of 50 Ω SSMA connector 
as a coaxial to waveguide transition. Details of the antenna 
model and simulation result are presented and discussed clearly 
in this paper. The Computer Simulation Technology Microwave 
Studio 2015 software has been used as a tool to assist the 
simulation work. The simulation result gave the return loss of -
13.99 dB at 28 GHz for air gap cavity of 2.5 mm. The higher 
value gain of 21.70 dBi for 3.2 mm and less than -10 dB 
impedance with the bandwidth from 24.27 – 32 GHz is realized. 
The beamwidth obtained is below 15o of E and H planes for 2.5 
mm. 
 
Index Terms—Radial Line Slot Array Antenna; 5G; 28 GHz; 




The Radial Line Slot Array (RLSA) was introduced at Ka-
band for space used [1]. It was also designed for Direct 
Broadcast from Satellite (DBS) reception and satellite on the 
move (SOTM) [3] which operated at Ku-band. The RLSA 
antenna mostly used FR4 with the permittivity value of 4.7 
[4] and 5.4 as in [5-7]. There are researchers used the brass as 
a conductor and the air as a cavity in [3]. The relative 
permittivity produced was 1.06 [8] while (εr = 1.07) was 
reported when they used Rohacell WF51 [9]. 
The RLSA antenna is known as a good radiator and as well 
as a good receiver for point to point communication 
application [4, 5, 8, 10-11]. It can be designed for linear, 
circular and elliptically polarization [11]. The RLSA antenna 
has proved good in return loss, efficiency and directivity gain 
[1, 3, 7-9, 11]. However, Peng has reported the efficiency of 
High Power Microwave (HPM-RLSA) will drop when the 
aperture size is reduced due to the rational asymmetry of 
illumination [12].  
In this paper, we proposed the RLSA antenna with a hybrid 
of two different dielectric substrates as the cavity structure; 
which are FR4 and Air Gap. The 1.13 equivalent dielectric 
permittivity was obtained. The antenna has been designed at 
28 GHz frequency that suitable for wireless communications. 
II. ANTENNA DESIGN 
 
A radial line slot array antenna has been developed; consist 
of dielectric substrate sandwiched by copper plates as 
illustrated in Figure 1. It shows the side view of the antenna 
where ‘a’ is coppers as the radiating surface and the ground 
plane whiles the ‘b’ is the substrate.  
The radius of the radiating surface is 60 mm along the x-
axis and the thickness of the cavity or also known as the 
height of the antenna h along the y-axis is allocated on the 
surface of a grounded dielectric substrate.  
The three essential parameters for the design of RLSA 
antenna are the frequency of operation (fo), dielectric 
permittivity of the substrate (εr) and the height of the substrate 
(h). The dielectric substrate material (εr) selected for this 
design is FR4 and Air Gap; which produces a new equivalent 




Figure 1: The layer of the prototype antenna 
 
Figure 2 illustrates the prototype of the antenna design. On 
the radiating surface of the antenna were allocated slots which 
are holes as Figure 2 (a). In order to get the shape of the 
rectangular slot array, it needs the equation to get the value of 
the slot length by using λg [14] from the equation (1) and (2). 
While the Figure 2 (b) shows the ground of the RLSA antenna 
with coaxial waveguide as a feeder. 
 
 
(a)             (b) 
 
Figure 2: Antenna structure (a) Front view (b) Back view 
 
Figure 3 shows the proposed antenna structure for the 
RLSA. The value of h is tuned to provide optimum 
impedance bandwidth [5,7].  
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Figure 4: Side view structure of the antenna cavity 
 
The RLSA antenna using RT Duroid 58800 with high 
frequency laminated with a disk ended of 50 Ω dielectric 
coated SSMA probe was reported in [11]. In this paper, the 
idea was extended to include a disk ended of 50 Ω dielectric 
coated SSMA probe with FR4 as the substrate. Technically, 
the rectangular shape is proposed as the air gap at the top of 
the radiating surface on the circular shape board. To achieve 
optimized performance; they tuned the value of e, g and k as 
shown in Figure 4. 
This research proposed a simpler feed probe design as 
shown in Figure 3. The radial waveguide is fulfilled with a 
dielectric material of suitable relative permittivity (εr), here 
we have chosen 1.13 in the space of d , hence d has a relation 
to the εr. 
 
𝑑 <  
𝜆𝑔
2
                     (1) 
𝜆𝑔 =  
𝑐
√𝜇𝑟𝜀𝑟
         (2) 
 
Where:  
𝛌g: wavelength in the guide  
c: speed of light 
𝝁r: relative permeability 
d: the h value which is the thickness of the cavity 
 
The value of εr must be greater than 1 to prevent the grating 
lobes from appearing in the radiation pattern. The dielectric 
material is functioning to create a slow wave in the cavity 





           (3) 
Where: 
c: capacitor 
ε: dielectric value  
A: the area of slot 
d: the slot thickness 
 
The capacitance is influenced by dielectric permittivity, the 
size and the slot thickness. In this study, the slot length is 
already fixed to a half wavelength. The dielectric relative 
permittivity is 1 since it is an air gap. Figure 5 shows the 






Figure 5: The shape of radiating slot 
 
III. RESULT AND DISCUSSION 
 
The proposed design was simulated by using the CST 
software. Table 1 shows the specification of the parameter 






Center frequency, fo 28 GHz 
Radius of antenna 60 mm 
No. of slots in first ring  16 
Cavity of thickness (Maximum) 3.2 mm 
Thickness of radiating surface (copper) 0.035 mm 
Thickness of ground (copper) 0.035 mm 
Relative permittivity of FR4 1.13 
Slot width 1.0 mm 
Slot length  5.0 mm 
 
Figure 6 shows the return loss result for the optimization of 




Figure 6: Return loss of the proposed air gap cavity substrate design with 
variable h. 
 
Table 2 shows the best performance obtained when h = 2.5 
mm. The |S11| value recorded -13.99 dB at 28 GHz and wide 
impedance bandwidth was obtained from 24.62 – 30.49 GHz 
with the gain 21.64 dBi. The air gap cavity of 3.2 mm has 
shown the return loss obtained -13.84 dB at 28 GHz with the 
gain 21.70 dBi.    
 
Table 2 
Comparison Parameters of Simulation Results 
 
 Simulation 
Height of Cavity (mm) h=λ/4 h=λ/3 
Operating Frequency (GHz)  28 28 
Bandwidth    (GHz) 24.62-30.49 24.27-32.00 
Gain              (dBi) 21.64  21.70 
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Figure 7: Radiation pattern at frequency 28 GHz for λ/4 cavity thickness  
 
Figure 7 showed the comparison of E-plane and H-plane 
for λ/4 cavity thickness at a frequency 28 GHz. The 
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Figure 9: The comparison radiation pattern at H-plane for λ/4 cavity 
thickness 
 
Figure 8 and Figure 9 are comparing the simulated 
radiation pattern at different frequencies such 24 GHz, 25 
GHz, 26 GHz, 27 GHz, 28 GHz and 32 GHz for air gap cavity 
of 2.5 mm at the E - plane and H-plane. The simulated result 
directivity has shown that air gap cavity of 2.5 mm is 21.64 




























Figure 10: Cartesian plot of E-plane for λ/4 cavity thickness 
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Figure 11: Cartesian plot of H-plane for λ/4 cavity thickness 
 
Figure 10 and 11 shows the Cartesian plot of the radiation 
pattern. Table 3 shows the comparison of the different 
frequencies at λ/4 cavity thickness. The squinted value of the 
frequency of 28 GHz is 10o at the E - plane. All frequencies 
had shown the best results for point to point communication 
because they achieved the squinted value of less than 15o and 
17 dB for side lobe ratio by referring the ETSI (European 
Telecommunication Standard Institute). 
 
Table 3 
Comparison of Antenna Parameter with Different Frequencies with Air 










This paper presents the design of a Radial Line Slot Array 
Antenna with a hybrid of FR4 and Air Gap cavity for use in 
a 5G communication application. The equivalent air gap 
substrate with dielectric constant of 1.13 is chosen which 
gives a percentage of 21.3% bandwidth for λ/4 cavity 
thickness and 27.47 % for λ/3 cavity thickness. The cavity 
thicknesses of RLSA antenna for 2.5 mm have a better linear 
polarized radiation pattern as the RLSA specification for 
point to point communication system. The proposed antenna 
thickness was varied in order to observe the desired value of 
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